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Enzyme  catalyzed  processes  are  increasingly  complementing  chemical  manufacturing  as  new  enzymes
are  being  discovered.  Although,  many  industrially  applied  biocatalysts  have  been  identiﬁed  by functional
screenings  technological  advances  in  the  omics  ﬁelds  have  created  a  different  path  to access  novelty.  Here
we describe  how  omics  technologies,  especially  proteomics  and  transcriptomics,  can  complement  each
other  in  the  aim  of ﬁnding  new  enzymatic  functions.  Special  emphasis  is laid on how  mRNA  sequenc-eywords:
nzyme discovery
roteomics
ranscriptomics
atabase
ing  Zcan  improve  proteomic  experiments  by allowing  the  generation  of high  quality  protein  sequence
databases,  which  subsequently  facilitates  protein  identiﬁcation.
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. Introduction
Enzymes have over the course of the last decade established
hemselves as useful alternatives to classical organo-and metallo-
atalysis (Anastas and Warner, 1998; Bornscheuer et al., 2012;
llanes et al., 2012; Meyer, 2011). They are increasingly employed
or the manufacturing of a diverse array of chemical products
uch as pharmaceuticals, agrochemicals, bulk chemicals or bio-
uels on preparative as well as industrial scale (Erickson et al.,
012). This focus also applies to biological degradation of products,
uch as xenobiotics, plastics, biomass and unwanted components
n wastewater (Cammarota and Freire, 2006; Eberl et al., 2008;
anssen et al., 2005; Kullman and Matsumura, 1996; Müller et al.,
005; Rabinovich et al., 2004; Ribitsch et al., 2012). So far about
00 enzymes are industrially used (Li et al., 2012), with the major-
ty of those being hydrolytic enzymes and oxidoreductases (Faber,
011). The importance of enzyme-catalyzed synthesis can also be
isualized in economic terms. The global enzyme market in 2010
as worth 3.3 billion US dollars and is expected to reach 4.4 billion
ollars by the end of 2015 (Li et al., 2012; Sarrouh et al., 2012).
Due to the need for enzyme-catalyzed processes, the biotech-
ological sector is on a constant quest for new sources of enzymes.
he majority of discovered and applied enzymes derive from a lim-
ted number of cultivable laboratory organisms, mainly of fungal or
acterial origin (Robertson and Steer, 2004). Estimates show that
ess than 1% of all microbes are readily cultivable due to unknown
ultivation conditions, slow growth behavior or the absence of
ssential nutrients supplied by other organisms (Amann et al.,
995; Ekkers et al., 2012). This fact presents both a challenge and
n opportunity for the discovery of novel enzymes and functions.
ost industrially applied enzymes have been found by functional
creenings of metagenomic and genomic libraries (Ferrer et al.,
009; Uchiyama and Miyazaki, 2009). The advantages of func-
ional screens lie in the immediate identiﬁcation of enzyme activity
hereas methods based solely on sequence only give predictions
bout enzyme function derived from annotations. On the other
and, the complex makeup of eukaryotic genomes containing many
ayers of regulatory elements drastically increases library size, mak-
ng functional expression and screening of these libraries very
hallenging. Even though functional screening of bacterial and
o a lesser extent eukaryotic genomes and metagenomes have
een most successful, mere in silico methods such as structure
uided (Steinkellner et al., 2014) and sequence similarity-based
pproaches have also received attention in recent years. The lat-
er approaches are limited to the discovery of new genes with
igh similarities to already deposited sequences, making it impos-
ible to discover truly novel enzymatic functions. They nevertheless
epresent a powerful tool by eliminating cost-and labor-intensive
et-laboratory time (Behrens et al., 2011).
Although genomic screenings have been successful in identi-
ying new enzymes, recent technological advances in the ﬁeld of
ranscriptomics and proteomics have made these attractive tools
or further discoveries. A major disadvantage of metagenomic or
enomic libraries is the high percentage of genomic DNA com-
rising of non-coding regions (Deutsch and Long, 1999), which
eed to be removed in order to produce functional proteins and
hich unnecessarily increase library size. In addition to prob-
ems related to incorrect positioning of the gene relative to its
romoters, non-spliceable introns and different codon usage by
ifferent organisms, posttranslational modiﬁcations are challeng-
ng when expressing these genes in hosts other than the original
rganism. (Behrens et al., 2011). By applying a transcriptomic
r proteomic approach, some of these disadvantages are circum-
ented. Using transcriptomics instead of genomics the majority of
on-coding DNA elements can be removed thereby reducing library
ize and avoiding non-functional genes arising due to incompletechnology 235 (2016) 132–138 133
gene-splicing recognition. Furthermore, the positioning of cDNA
transcript sequences in relation to core promoter regions allows for
a higher likelihood of successful transcription and translation com-
pared to the majority of sheared genomic DNA fragments. By using
transcriptomics rather than genomics, it is also possible to investi-
gate dynamic spatio-temporal gene expression patterns. Therefore,
transcriptomics can capture differential gene expression arising
due to changes in environmental factors such as the presence of cer-
tain chemicals or shifts in cultivation conditions. This dynamic can
also be monitored using proteomics. Quantitative proteomics has
an advantage over transcriptomics as mRNA abundance does not
accurately reﬂect protein abundance (Gygi et al., 1999; Zhang et al.,
2014) and only proteomics can capture posttranslational modiﬁ-
cations. Proteomic analysis moreover has the beneﬁt of analysis
directly performed on proteins expressed by the original organism.
This circumvents problems related to transcription and transla-
tion of the gene and the potential subsequent posttranslational
modiﬁcation of the protein in different host organisms. Proteomics
additionally allows the direct elucidation of subcellular localiza-
tion whereas transcriptomics and genomics rely on predictions.
Proteins can be localized to different subcompartments, such as
the cytosol, peroxisomes, mitochondria, endoplasmatic reticulum,
Golgi vesicles, lipid droplets, lysosomes, and membranes or to the
extracellular space. This information provides valuable cues about
the conditions under which the proteins are functional and stable.
In turn, this allows for optimization of the conditions for func-
tional screenings, which can increase the number of hits. One of
the most direct ways to discover enzymes is through activity based
proteomics which relies on enzyme class speciﬁc probes for simul-
taneous identiﬁcation of individual enzymatic activities sharing the
same reaction mechanism (Cravatt et al., 2008; Schittmayer and
Birner-Gruenberger, 2012). This does however require the devel-
opment of appropriate probes.
2. Enzyme discovery workﬂow
The most commonly used proteomic approach for enzyme dis-
covery is bottom-up shotgun proteomics. In this approach proteins
are enzymatically digested into peptides which are analyzed either
by tandem mass spectrometry after a separation on a liquid chro-
matography system and electrospray ionization (ESI–LC–MS/MS)
or by matrix-assisted laser desorption/ionization followed by time
of ﬂight mass spectrometry (MALDI–TOF–MS) (Fig. 1). Identiﬁca-
tion of proteins is based on the comparison of the measured mass
to charge ratios (m/z) of the peptides and their fragments to the
respective m/z values for all theoretical peptides and fragments
thereof present in the database, which are generated by in silico
digestion of the database with the same enzyme. The comparisons
are automatically performed by search programs such as MASCOT
(Pappin et al., 1999), SEQUEST (Eng et al., 1994), MaxQuant (Cox
and Mann, 2008), MSAmanda (Dorfer et al., 2014), OMSSA (Geer
et al., 2004), X!Tandem (Craig and Beavis, 2004), COMET (Eng et al.,
2013), MS–GF+ (Kim and Pevzner, 2014) and MyriMatch (Tabb et al.,
2008). All these search engines infer the presence of a protein from
identiﬁcation of at least one peptide that is unique to this protein
(within the used database). This however implies that for a protein
to be correctly identiﬁed it needs to be present in the database.
Although the possibility of performing de-novo sequencing of pro-
teins exists (Hughes et al., 2010), and could circumvent the problem
of a protein not being present in the database, it is time and labor
intensive and requires large amounts of highly puriﬁed proteins.The most direct way to construct a high quality database for
peptide mapping is by building it from the same sample used for
protein identiﬁcation by either genome or transcriptome sequenc-
ing (Fig. 1). For cultivable and, especially, model organisms, genome
134 L. Sturmberger et al. / Journal of Biotechnology 235 (2016) 132–138
Fig. 1. Workﬂow of omics experiments for the discovery of novel enzymes. Functional screenings lead to the identiﬁcation of organisms, tissues or other samples of interest.
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equences (and even curated protein databases like SwissProt) are
ublicly available and present an easy way to obtain a high qual-
ty database. Among the most prominent suppliers of sequence
atabases are the National Center for Biotechnology Information
NCBI), the European Molecular Biology Laboratory (EMBL) and
he DNA Data Bank of Japan (DDBJ), which are all integrated
hrough the International Nucleotide Sequence Database Collab-
ration (INSDC). Other important public database resources are
he Uniprot Knowledge database (UniProtKB) (Consortium, 2015)
r the Joint Genome Institute’s genome portal (JGI) (Nordberg
t al., 2014). However, if public databases lack sequence informa-
ion of the target organism, which is the case for most complex
nvironmental samples, custom database creation is necessary. If
ucleotide sequencing is unfeasible, a reasonable approach is to
ompile a database consisting of publically available sequences
rom (more or less) related organisms. This has been shown to
e less reliable than using databases based on the target organ-
sm alone (Bräutigam et al., 2008) and only allows prediction of
rotein function but not of the exact sequence, preventing cloning
nd expression of the protein. Also, by querying against a database
ot containing the target organism’s sequences, potential novel
nzymes, that lack any homology with other proteins, cannot be
dentiﬁed.
In order to minimize the loss of information it is advisable
o create a custom protein database translated from the sam-
le’s transcriptome. Advances within the ﬁeld of RNA sequencing
ave allowed for the analysis of entire meta-transcriptomes and
ade them available for construction of protein databases. Partic-
larly developments in cDNA generation protocols and increasing
equencing capacity (McGettigan, 2013) has made transcriptomics
ore accessible to a wider audience being offered as an affordable
ervice by several companies. The preparation of cDNA involves and transcriptome sequence data can be integrated into the proteomics workﬂow,
ns from mass spectrometric data. This facilitates the access to novel enzymes by
three major steps: (1) the extraction of RNA from cultured organ-
isms or environmental samples, (2) the removal of rRNA and
normalization to enrich for rare transcripts and (3) the reverse
transcription to generate cDNA, which subsequently is sequenced.
Although considerable progress has been made in assembly of
RNAseq data methods, analysis still poses some challenges. Among
these is the misalignment of reads to closely related genes (such as
sequences coding for isoenzymes), also termed transcript shadow-
ing (McGettigan, 2013) and the fact that many de novo assembly
algorithms are still highly memory intensive and therefore require
access to advanced computing facilities (Grabherr et al., 2011).
Proteomic and metaproteomic screenings have been performed
on both cultured microorganisms as well as environmental sam-
ples with the purpose of discovering novel enzymatic functions or
for determining optimal culture conditions leading to e.g. optimal
degradation of biomass or phosphorus removal. Here we  describe
a few selected examples of enzyme or whole pathway discov-
ery where either a protein database from a public repository or
a genome or transcriptome sequence has been obtained prior to
proteomic analyses. Moreover, we discuss the advantages offered
by combining proteomics with protein sequence databases derived
from mRNA sequencing for enzyme discovery in more depth.
3. Pathway discovery for production of secondary
metabolites
As the chemical synthesis of many useful compounds, like
alkaloids or biosurfactants, can be long and complicated, using
organisms that naturally synthesize these secondary metabolites
can be very beneﬁcial. However, to allow the heterologous produc-
tion, the knowledge of the enzymatic steps involved is essential.
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ere we present a few studies employing proteomic screenings
sing different types of protein sequence databases for this purpose
nd discuss the advantages and drawbacks of these databases.
.1. Polyketide synthesis
One example, in which the availability of a high quality pro-
ein database could have assisted protein identiﬁcation in a more
irect way, is the elucidation of a non-ribosomal peptide syn-
hetase (NRPS) and a polyketide synthase gene cluster from an
nsequenced Bacillus sp. isolated from a soil sample. By exploiting
he large size of these protein complexes, Evans et al. were able to
dentify peptides which served as the basis for PCR primer design
Evans et al., 2011). This approach allowed them to amplify the
ene cluster containing several enzymes important for the synthe-
is of koranimine, a secondary metabolite, which falls into a family
f compounds containing e.g. known mycotoxins and immunosup-
ressants. The gene cluster discovered was not highly related to any
ther NRPS cluster present in GenBank (the NCBI genetic sequence
atabase) (Benson et al., 2013) at the time of analysis. There-
ore, while publically available databases would most likely not
ave yielded protein identiﬁcation an improved protein sequence
atabase derived from mRNA sequencing could have allowed the
irect identiﬁcation of the protein sequence in the gel band without
he need to perform difﬁcult PCR ampliﬁcations using degenerate
rimers derived from amino acid sequences.
.2. Alkaloid production
Papaver somniferum (opium poppy) is the only commercial
ource of the medically important alkaloids noscapine, morphine,
odeine, papaverine and sanguinarine (Berenyi et al., 2009). The
iosynthesis of these alkaloids have been studied extensively
Hagel and Facchini, 2013). Here we summarize the employed pro-
eomic screening approaches and discuss how their outcome was
mproved by the use of protein sequence databases derived from
xpressed Sequence Tag (EST, i.e. a short cDNA read) sequencing.
The ﬁrst proteomic approach to detect and localize enzymes
esponsible for alkaloid biosynthesis was performed on the latex
f the opium poppy. Latex proteins were extracted and separated
y 2D-gel electrophoresis prior to in gel digestion, and peptide
equencing of picked gel spots (Decker et al., 2000). The resultant
S/MS  data were queried against all the present sequences in the
CBI non-redundant protein database, as no P. somniferum speciﬁc
atabase was available at the time. Of the 75 excised gel spots,
9 contained peptides that could be assigned to homologous pro-
eins with known functions based on sequence-similarity to other
rganisms. Among the identiﬁed proteins was codeine reductase,
hich is known to be involved in morphine synthesis, conﬁrming
he presence of this enzyme in latex. Proteomics was also used in
ombination with more conventional approaches for enzyme dis-
overy: Peptide sequencing and homology searches in combination
ith sequence-similarity based PCR-primers lead to the identiﬁca-
ion of two methyl-transferases involved in alkaloid biosynthesis
Ounaroon et al., 2003).
Similarly, Jacobs et al. (2005) were challenged with a lack of
equence resources for database construction in their quest for
ovel genes for the biosynthesis of alkaloids. They performed
ALDI–MS/MS analyses of samples from the medicinal plant Catha-
anthus roseus and due to poor genome and proteome sequence
nformation (only 27 deposited protein sequences in SwissProt
t the time of analysis) they had to rely on the NCBInr database
estricted to Viridiplantae. 58 different proteins, among these
everal enzymes from the alkaloid biosynthesis pathways, were
dentiﬁed. Of these, only one was a C. roseus protein. Thus, withoutchnology 235 (2016) 132–138 135
access to speciﬁc sequence databases for C. roseus the huge poten-
tial of the peptide sequence data set could not be fully explored.
More recently, the availability of EST databases speciﬁc for
opium poppies allowed for better identiﬁcation of proteins
involved in plant defense responses and synthesis of antimicro-
bial alkaloids in P. somniferum (Zulak et al., 2009). Latex proteins
separated by 2D-gel electrophoresis were identiﬁed by LC–MS/MS
and MALDI–TOF–MS and searching against both the NCBInr protein
database restricted to Viridiplantae containing 381,872 sequences
and a translated EST database containing 22,036 sequences. Of
219 identiﬁed proteins, 29% were found using the sequences con-
tained only within the EST database while another 12% could be
identiﬁed from sequences contained within both databases. In this
study, transcriptomics was moreover included as a complemen-
tary method to quantify transcript levels under elicitor induced
and non-induced conditions showing the induction of six known
alkaloid biosynthetic enzymes.
As deeper sequencing of the transcriptomes was performed the
size of the EST databases used for proteomic screenings increased,
and 1004 peptides and polypeptides could be identiﬁed from
opium poppy cell lines (Desgagné-Penix et al., 2010). Again, the
search results of the public NCBInr database restricted to Viridiplan-
tae were compared to those obtained by using an EST database
(427,369 sequences). While searching the NCBInr database yielded
only 288 identiﬁed peptides or polypeptides, querying against the
opium poppy speciﬁc EST database resulted in the identiﬁcation
of 1004 peptides and polypeptides. This example clearly demon-
strates the advantage of complementing proteomic studies with
the use of organism speciﬁc EST databases.
3.3. Isoprenoid production
In a similar example, enzymes responsible for isoprenoid
biosynthesis in tomato trichrome were discovered by a combina-
tion of mRNA sequencing and proteomics of the same organism.
Schilmiller et al. (2010) sequenced the transcriptome (mRNA) and
subsequently translated it into a protein sequence database which
was then used for proteomic screening. This synergistic approach
enabled the identiﬁcation of 1552 proteins including all eight pro-
teins involved in the production of the precursors needed for
isoprenoid biosynthesis. Moreover, it led to the discovery of a pre-
viously uncharacterized tomato trichome sesquiterpene synthase
involved in the synthesis of the anti-inﬂammatory compounds
-caryophyllene (approved as a food additive by the FDA) and -
humulene.
3.4. Sophorolipid production
Another prominent example for the synergism of different
omics technologies is the discovery of enzymes involved in
sophorolipid (SL) production. The yeast Starmerella bombicola (for-
merly Candida bombicola)  was  found to produce SL (Spencer et al.,
1970) which have been suggested as environmentally friendly bio-
surfactants for the use in ﬁelds ranging from cleaning agents to
stabilization of nanoparticles (Basak et al., 2013). Therefore, peo-
ple have focused on the discovery of the genes necessary for the
SL biosynthesis pathway. Initially, genes were identiﬁed one by
one using sequence homology searches combined with PCR and
gene walking, as no genome sequence was known (Saerens and
Soetaert, 2011; Saerens et al., 2011; Van Bogaert et al., 2007). In
2013 the genome of S. bombicola was sequenced (Ciesielska et al.,
2013) allowing for more comprehensive studies of the organism.
This quickly led to the identiﬁcation of a gene cluster containing all
proteins known to be involved in SL synthesis (Van Bogaert et al.,
2013). The cluster also contained other genes, one of which was
found to encode a necessary SL transporter. The ﬁrst large scale pro-
1 f Biote
t
Q
p
(
g
o
(
a
S
S
o
t
w
4
g
e
r
b
y
4
l
G
e
x
s
g
d
o
N
b
T
x
p
a
y
e
f
f
t
t
a
r
T
l
t
a
f
l
e
p
c
a
l
t
p
o
e36 L. Sturmberger et al. / Journal o
eomic study on S. bombicola identiﬁed and quantiﬁed 615 proteins.
uantitation was performed both by RNAseq and by a quantitative
roteomic (stable isotope labeling by amino acids in cell culture
SILAC)) experiment, where the exponential and early stationary
rowth phases were compared. The authors reported a simultane-
us production of all known proteins involved in SL biosynthesis
Ciesielska et al., 2013), which was followed up by an exoproteome
nalysis where the lactone esterase responsible for the ﬁnal step of
L synthesis (lactonization) was identiﬁed (Ciesielska et al., 2014;
aerens et al., 2015). This example demonstrates the advantage of
btaining a genome sequence and combining RNAseq and quan-
itative proteomics for rapid identiﬁcation of unknown enzymes,
hich is relatively easy and cheap for a cultivable organism.
. Enzyme discovery
The importance of using a protein database containing the tar-
et protein or a very close homologue for the discovery of new
nzymes, especially from uncultivable isolated organisms and envi-
onmental samples containing complex microbial communities,
ecame similarly apparent in several studies published in recent
ears.
.1. Isolated organisms
While searching for cellulases and xylanases Amore et al. iso-
ated microorganisms from three different areas in the Western
hat region of India (Amore et al., 2015). By analyzing eight differ-
nt microorganisms obtained by cultivation, they were able to show
ylanase activity in a Bacillus amyloliquefaciens XR44A strain. Sub-
equent HPLC–MS/MS analysis of peptides derived from a native
el band harboring xylanase activity and search of the LC–MS/MS
ata against the NCBInr database resulted in the identiﬁcation
f an endo-1,4-beta-xylanase. However, the protein identiﬁed in
CBInr was from Paenibacillus macerans, an organism not even
elonging to the same family as the source organism (Bacillaceae).
hus, although the authors were able to identify an endo-1,4-beta-
ylanase it is probably only a close homologue of the actual protein
resent in the sample, which could not be identiﬁed due to the
bsence of its protein sequence in the database. Since the anal-
sis did not yield the actual sequence cloning and recombinant
xpression is restricted.
The same problem was faced by (Tiwari et al., 2014). After identi-
ying hydrolytic activities in the secretome of the phytopathogenic
ungus Phoma exigua,  LC–MS/MS analysis was performed to iden-
ify potential protein targets with glycosyl hydrolase activity. Since
he P. exigua genome was not available, searches were conducted
gainst the NCBInr database restricted to fungal sequences and
esulted in the identiﬁcation of 33 different homologous proteins.
he majority of these proteins were annotated as glycosyl hydro-
ases, but none of them was actually derived from P. exigua and
herefore the exact sequence of the full-length protein was not
ccessible by the employed approach, once again restricting the
urther use of the obtained sequences.
Kirsch et al. (2012) studied plant cell wall degradation in the
eaf beetle gut. The degradation is proposed to be mediated by
nzymes secreted by the beetle itself. Thus, screenings of the gut
roteome and transcriptome were performed to identify the plant
ell wall degrading enzymes. Gel electrophoresis combined with
ctivity assays resulted in gel bands with activity towards cellu-
ose, pectin or xylan. To create an appropriate protein database and
o identify potential enzymes, a metatranscriptomic analysis was
erformed, where several tissues were sampled during two  devel-
pmental stages of the beetle and while being subjected to different
nvironmental stress factors. The combined date resulted in an ESTchnology 235 (2016) 132–138
database with 644,940 entries, which was  concatenated with the
NCBInr database. The proteomic screening of the peptides from the
active gel bands derived from the gut content identiﬁed 13 proteins
from the beetle with a putative plant cell wall degrading enzymatic
function, whereas the transcriptome of the same sample suggested
19 putative plant cell wall degrading enzymes. One  may  specu-
late that this difference might arise due to the higher speciﬁcity of
the proteomic screen, low translation rates or protein stability of
some candidates or wrong in silico functional assignment on the
RNA level.
4.2. Microbial communities
With the aim of examining the suitability of activated zeolite
as a carrier for microorganisms in anaerobic digestion processes,
Weiß et al. performed LC–MS/MS of hydrolytically active protein
bands after batch fermentation of grass silage (Weiß et al., 2013).
Alongside this, they analyzed single strand conformation polymor-
phisms (SSCP) of the total bacterial community based on bacterial
and archaeal 16S rRNA. By searching the LC–MS/MS data against
the NCBInr database they were successful in identifying 36 biomass
degradation associated enzymes, mainly from organisms in the
Paenibacillaceae family. Meanwhile, predominantly species from
the Clostridium, Methanoculleus and Pseudomonas families were
shown to be the major organisms on activated zeolite by SSCP
analysis. This can be interpreted in two ways: One possibility is
that the speciﬁc proteomic analysis of enzymes highly comple-
mented the 16S rRNA analysis of the total bacterial community.
Since a small subset of the organisms present (Paenibacillaceae fam-
ily) appeared to be responsible for the secretion of most of the
hydrolytic enzymes, while not being among the most dominant
organisms in terms of numbers. A second possible interpretation
is that the protein identiﬁcations were assigned to the Paeni-
bacillaceae family because the actual organisms that the proteins
originate from were not present in the protein sequence database.
In this case, the ﬁrst interpretation seems to be more likely, since
proteins from organisms more closely related to the organisms
identiﬁed by SSCP than to the Paenibacillaceae family were present
in the NCBInr database at the time.
The next example also shows that creation of custom protein
databases by including relevant sequences into the analysis can
improve the overall success in identiﬁcation of novel enzymes. This
approach of using focused databases was  employed by Schneider
et al. when querying their obtained peptide MS/MS spectra against
a database compiled from both, a farm silage soil metagenome
and the UniRef100 database (a clustered set of sequences from
the UniProtKB) (Schneider et al., 2012). Using this metaproteomic
approach they could show that on the one hand litter microbial
communities differ between sampling sites and seasons and that
on the other hand fungi are the main producers of litter-degrading
enzymes. The majority of enzymes identiﬁed by this approach
belonged to the group of cellulases, phosphatases, xylanases and
lipases.
An even higher degree of speciﬁcity in database creation was
implemented by a metaproteomic study on wastewater sludge.
Wilmes et al. used a compilation of metagenomes derived from
three different wastewater sludge sites to elucidate the enzy-
matic functions related to biological phosphorus removal. The
use of these speciﬁc databases allowed them to identify enzymes
involved in fatty acid oxidation and polyhydroxyalkanoate synthe-
sis, glycogen degradation, TCA cycle, phosphate bioenergetics and
stress response (Wilmes et al., 2008). The metagenomes, however,
were generated from wastewater sludge from other sites than the
metaproteomic study. Thus, although these databases proved very
useful for enzyme identiﬁcation, the list of protein identiﬁcations
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ay  not be complete since the microbial composition of the sludge
rom the different sites may  not be identical.
. Conclusion
Proteomic approaches for gene/protein discovery depend on the
sage of appropriate protein databases containing the sequences
f the proteins present in the sample. Sequences of homologous
roteins obtainable from public repositories have been used as
atabases instead, but the resulting data may  be less comprehen-
ive as demonstrated by the examples described above.
In the case of the discovery of enzymes involved in SL biosyn-
hesis in S. bombicola (Ciesielska et al., 2013), the acquisition of a
enomic sequence improved protein identiﬁcations. Similarly, the
eneration of EST databases by transcriptomic analysis accelerated
nzyme discovery signiﬁcantly as demonstrated by the examples of
lkaloid biosynthesis in P. somniferum (Desgagné-Penix et al., 2010;
ulak et al., 2009) and plant cell wall degradation in leaf beetles
Kirsch et al., 2012). Kirsch et al.’s study on leaf beetles also demon-
trates the beneﬁts of transcriptomic sequence data both on its own
nd in its use to improve the protein database by combining the
enerated EST database with the NCBInr database. This approach
f integrating mRNA sequencing data into protein databases would
lso be beneﬁcial to environmental samples where the microbial
omposition (and thus potential proteome) is not known. This
ill allow the identiﬁcation of a higher number of full-length
rotein sequences and their true origin rather than relying on
lose homologues found in other databases. With the reduced cost
nd increasing sequencing capacities proteomic approaches ben-
ﬁt from the generation of improved protein sequence databases
erived from mRNA sequencing experiments. Furthermore one can
xpect that reanalysis of already acquired proteomic data with
ewly available improved protein sequence databases will yield
aluable new information at very low cost.
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